ABSTRACT: Calonc values were determined for 121 species of cold-water benthic invertebrates, 109 of which are representative of a soft bottom community in Frobisher Bay, Northwest Territories (Canada). The mean calonc value for the community was 5.424 kcal g-' ash-free dry weight (SD f 0.403). This is not significantly different from values from lower latitudes, as has been suggested for planktonic communities. With one exception, the Ascidiacea, there were no significant differences in mean caloric value among major taxa. The lnterspecific distnbution of AFDW caloric value is discussed; present data support the growlng evidence that the natural pattern is symmetrical with values concentrated about a mean of 5.4 to 5.7 kcal g -' AFDW for benthic invertebrates. Caloric equivalents for biomass estimates and large-scale community comparisons may be derived from the regression of dry weight caloric value on percent organic content (dry weight): Y (kcal g-' AFDW) = -0.3897 + 0.0605 X (% organic content).
INTRODUCTION
Although energy values of many cold-water marine zoobenthic invertebrates are available (Ellis 1960 , Brawn et al. 1968 , Cummins & Wuycheck 1971 , Tyler 1973 , Percy & Fife 1980 , 1981 , Bamstedt 1981 , Norrbin & Bamstedt 1984 , Steimle & Terranova 1985 , to our knowledge no study has attempted to elucidate the distributional pattern of caloric value in a large number of species occurring in a single natural community in the Arctic.
The use of a variety of methods of expressing biomass estimates (live, whole wet, wet meat, whole dry, dry meat weight) has made comparisons of benthic communities difficult and often misleading. A more suitable expression of standing stock is ash-free dry weight, and caloric equivalents provide basic information for energetic studies.
The present study was undertaken to obtain organic content and caloric equivalents for as many species of benthic invertebrates from Canadian Arctic waters as practicable, and values are presented for 121 species, 114 of which are a representative assemblage from a depth transect in Frobisher Bay. The relevance of the community mean value, taxonomic variations, and interspecific distribution pattern of caloric values is discussed. The relationships between caloric value and organic content gives equations from which fast, reliable estimates of caloric content may be derived from a knowledge of organic content. These may confidently be used for community comparisons where seasonal or intra-specific variation on a variety of parameters is not of primary concern.
MATERIALS AND METHODS
Benthic invertebrates were collected by trawl from stations in the Canadian Arctic during August, between 1968 and 1976 . All but 7 species were collected in Frobisher Bay from the intertidal zone to 90 m depth with 109 species being obtained from soft bottoms at depths between 30 and 65 m. The salinity (30 to 34 %o) and temperature (-1.75 to 0.5OC) of the water immediately above the substrate at the latter range of depths varies little throughout the year.
Specimens were sorted, identified and dried at 60 to 11O0C, usually within 12 h of capture. Tubes, shells, tests and other hard parts were removed where possible, before or after drying. In echinoderms and sponges dry weight includes skeletal material and spicules, because these inorganic structures are difficult to separate mechanically from the organic, and it was considered that acidic decalcification of complex echinoderm skeletons would adversely affect caloric value. Specimens were dried at 100°C to constant weight. A detailed discussion of the drying technique is given by Atkinson Pc Wacasey (1983) . Dried animals were finely pulverized (0.250 mm, # 60 standard screen) and kept in a desiccator until analysed for ash and caloric content.
A sample consisted of a pool of all individuals of a species collected on a given date. This usually involved a number of animals of variable size, sex and reproductive condition, and believed to be representative of the population of that species in vivo. This study did not attempt to examine seasonal or life-cycle variation in caloric value. Infrequently, a sample consisted of only a single individual; this occurred with some large, widely dispersed species, mostly Asteroidea.
Ashing was carried out in a muffle furnace at a temperature of 500 "C. Ashing time varied from 16 h in the early determinations to 4 h in later runs to minimize breakdown of ash (Paine 1966 , 1971 , Atkinson & Wacasey 1983 . Most samples were ashed in duplicate and a mean was determined from the two values when they differed by less than 1 %. The weight loss from ashing is regarded as the organic content, and for convenience, the percent organic content of dry weight (DW) rather than the percent ash weight is presented in Tables 1 & 2 as this was used to express the caloric content in terms of ash-free dry weight (AFDW).
Homogeneous dry samples were formed into pellets and calorimetric determinations were made with both a Parr model 1243 adiabatic bomb calorimeter with automatic temperature control and the 1107 semi-micro bomb. General calorimetric procedures, as given in Parr manuals 142 (1969) and 144 (1973) , and ASTM standards for bomb calorimetry (1971) were followed. Each sample was determined in triplicate and a mean was calculated when the 3 values differed by less than 3 % (Golley 1961).
Corrections for fuse wire and heat of formation of acid were determined and applied to all calculations. In samples with an organic content less than 25 % , known amounts of benzoic acid (up to 30 %) were added to promote ignition and ensure complete burning. Additional corrections were made on samples with large amounts of calcareous (echinoderms] and silicious (sponges) material. Correction factors for water of hydration and endothermic dissociation of C a C 0 3 were used to adjust ash and caloric values for some species (Table 1 ). The effects of these correction factors are discussed in greater detail by Atkinson & Wacasey (1976 , 1983 .
RESULTS
The organic content and energy values determined for 121 species of benthic invertebrates are presented in Table 1 , and summarized for major taxa in Table 2 Table 1 , is Y (kcal g-' AFDW) = 0.0149 X (% organic content) + 4.396 (r = 0.568, df = 180, t = 9.26, p < 0.001). This excludes data from Echinodermata and Porifera which have a high ash content due to inclusion of inorganic skeletal material, and which have had caloric estimates corrected for water of hydration and endothermy.
A summary of regressions of caloric value per unit DW on percent organic content for major taxa, and all individual samples is presented in Table 3 and Fig. 2 . These regressions represent caloric value as determined in the bomb, with no correction applied for endothermy, and organic content obtained from muffle furnace combustion, with no correction applied for water of hydration. The Echinodermata include only those species from which the skeleton could not be removed. The regressions for Echinodermata and Porifera based on corrected data in Table 3 and depicted in Fig. 3 demonstrate the effect of compensating for inaccuraci.es which are known to arise, and will be discussed below. The regression equation for all data was Y (kcal g-' DW) = -0.3897 + 0.0605 X ( % organic content; r = 0.986, df = 211, t = 87.114, p <0.001). Thls may be used to predict accurate caloric values when organic content has been determined directly, except for the Echinodermata and Porifera. For these taxa, adjustments for water of hydration and endothermy have been made to give more accurate predictive equations. For Porifera this was Y = -0.3141 + 0.0588 X; for Echinodermata, Y = -0.4037 + 0.0617 X. Table 2 reveals that with the exception of the Ascidiacea, none of the taxa differ significantly from each other. Prus (1970) demonstrated that caloric values within taxonomic groups are symmetrically distributed about a mean that is similar for most groups. This probably reflects a variety of feeding types within most higher taxa which would tend to minimize caloric differences at this level and casts doubt on the validity of treating members of a taxon as energetic equivalents in general community comparisons. The Ascidiacea, all filter feeders, are thought to have a low caloric value due to high ash content, a relationship to be discussed presently. The grand mean for all species, 5.424 kcal AFDW, is similar to the value for proteinaceous material (5.7 kcal) and agrees with 5.470 kcal g-' AFDW for aquatic invertebrates ( Thayer et al. (1973) . It is slightly lower than community means (5.6 to 5.7 kcal g-' AFDW) determined by other investigators (Ostapenya & Sergeev 1963 , Paine 1964 , Griffiths 1977 , Norrbin & Bamstedt 1984 . Griffiths (1977) postulated that in response to Since samples for this study were collected in August a t the time of peak reproductive activity in arctic waters, the mean is likely near the high end of the range of annual variation; however, it is at the low end of the range of estimates discussed above. Other studies reported by Clarke (1983) indicate no increase in lipid storage with increasing latitude in benthic invertebrates.
Frequency distributions of AFDW caloric value have been presented and discussed by various investigators (Slobodkin & Richman 1961 , Prus 1970 , Cummins & Wuycheck 1971 , Thayer et al. 1973 , Norrbin & Bamstedt 1984 . Although not always representative of natural communities, the available data strongly indicate a natural pattern symmetrical about a mean in the range of 5.4 to 5.7 kcal g-' AFDW. Most values in a community are grouped close to this, reflecting a n optimal and consistent biochemical composition. According to Slobodkin & h c h m a n (1961) this pattern implies a selection against caloric values that deviate in either direction from the mean. The slight negative skewness of the distribution presented in Fig. 1 is attributable to a lack of representative fish values. If the observed leptokurtosis is not a similar artifact, it further supports the idea of selection toward an optimal biochemical composition which is reflected in the caloric value.
The relationship reported above between AFDW caloric value and percent organic content (Y = 0.0149 X + 4.396) is similar to the one obtained by Thayer et al. (1973) for estuarine benthic invertebrates near Beaufort, North Carolina (USA), which took the form K (kcal g-1 AFDW) = 0.0183X (% organic content) + 3.991. The relationship shown in this study, a s with Thayer's, is significant but not particularly strong. The in~plication is that increasing ash content is associated with organic material of decreasing caloric value, assuming there is no systematic effect of ash on caloric value as determined in bomb calorimeters. Although this was not noted in the present research, it is reasonable to suspect any value for animal material below 4.2 kcalg-' AFDW (the value for carbohydrate). This includes the values reported in Table 1 for the ascidian Ciona intestinalis and the ectoproct Alcyonidium gelatinosum.
The positive correlation between organic content and caloric value per unit DW has been discussed by a number of authors (Ostapenya & Sergeev 1963 , Platt et al. 1969 , Prus 1970 , Thayer et al. 1973 , Norrbin & Bamstedt 1984 ). The differences among the regressions presented by these authors and that reported here are slight. However, the variation between taxa in both slope and intercept value (Table 3, Fig. 2 ) is much less in the present study than reported by Norrbin & Bamstedt (1984) for their benthic data. This can b e accounted for mainly by larger sample size for all taxa in this study. Ostapenya & Sergeev (1963) demonstrated that regressions of DW caloric value on percent organic content more closely approach the origin with increasing accuracy of the caloric determination technique. This was noted in the present work and is depicted in Fig. 3 where the regressions for the Polifera and Echinodermata (Table 3) are compared prior to a n d following application of appropriate corrections for water of hydration and endothermy. It will be noted % O R G A N I C CONTENT Fig. 3 . Regression of DW caloric value on percent organic content. A: Porifera, organic content uncorrected for water of hydration; A': Porifera, organic content corrected for water of hydration. B: Echinodermata (with skeleton), organic content uncorrected for water of hydration, caloric value uncorrected for endothermy; B': Echinodermata (with skeleton), organic content corrected for water of hydration, caloric value corrected for endothermy that the regressions for corrected data, A'-A' and B'-B' 
